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INTRODUCTION 
Sunflower seed is produced in certain sections of the United States 
for use as a poultry feed. During recent years the production has ex-
ceeded the demand. Since a very large proportion of the total crop of the 
United States is produced in Missouri, this overproduction is a matter of 
importance to the farmers of this state. In order to obtain information 
as to the advisability of encouraging or discouraging increase of pro-
duction of the seed this investigation of the possible industrial uses of 
sunflower seed oil was undertaken. The work of the investigation was 
carried on through the cooperation of the Southeast Missouri Sunflower 
Growers Association, and the Engineering Experiment Station and 
Department of Chemistry of the University of Missouri. 
The method used in this investigation was one of comparison; 
products made from other oils in general use were compared with the 
same product made from sunflower seed oil. No attempt was made to 
develop special uses for the oil, nor was any effort made to compare the 
cost of sunflower seed oil with that of the oil for which it was substituted. 
With the informa'tion from only three experiments in expressing the 
oil, and no data on the price which the oil cake might bring, only a very 
general approximation of the cost of the oil can be made. Taking as .an 
estimate, a 20% yield of oil from the mill; and an average price of the 
seed of about three cents per pound, the cost of the oil would be fifteen 
cents per pound plus the cost of expressing the oil less the price obtained 
from the cake. It is therefore evident that the average price per gallon 
of crude oil must be in the neighborhood of $1.20. Since the price of the 
seed fluctuates consider-ably, and such factors as quantity of production, 
cost of expressing, and the market for the cake undetermined, similar 
estimates ranging from $0.90 to $2.00 per gallon might be made. 
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REVIEW OF THE LITERATURE 
There is little reliable information on the production of sunflower seed in 
foreign countries. In the published statistics of various crops, no mention is 
made of sunflower seed, but a request for information sent to the Bureau of 
Plant Industry, United States Department of Agriculture brought the follow-
ing reply: 
"Before the year 1915 Russia was probably the largest sunflower seed 
producing nation in the world. Imports into this country in 1914 from Russia 
totaled 1,930,730 pounds . The cultivation of sunflowers in Russia appears to 
have been confined to the southern part, and in 1906 the Kuban district is said 
to have produced as high as 60,000 tons of sunflower cake. In this district 
according to an official report, there existed in 1911 a total of 550 oil mills pro-
ducing sunflower oil. The present status of the industry in Russia is not 
known . 
The imports of sunflower seed from 1915 to 1923, inclusive, into the 
United States indicate that the major portion of these seeds came from the 
Argentine. The amounts imported varied from 22,400 pounds in 1915, to 
6,029,995 pounds in 1921. 
Information is meager concerning the production of sunflower seed in 
foreign countries. In addition to the countries mentioned, China, India; 
British East Africa, and Portuguese East Africa, produce some sunflower 
seed, but no statistics are available giving production, exports or domestic 
consumption." 
Other reports indicate that in Russia, large quantities of the oil are 
obtained for use as an edible oil, and in the manufacture of soaps, stearin, 
paint, paint enamels, and varnishes. (26, 27, 28 .) 
In the United States, during 1920, about 6,500,000 pounds of sunflower 
seed were produced·. This seed came from southeast Missouri, southern 
Illinois, and the San Joaquin Valley, California. The following year the 
production figure dropped to approximately 3,000,000 pounds. In 1922, nearly 
8,000,000 pounds were produced. 1 In the fall of 1923, the United States 
Department of Agriculture estimated the crop for that year at 11,500,000 to 
14,000,000 pounds, of which 9,000,000, pounds was from Missouri alone.2 This 
increase in production may be partly attributed to a two cents per pound im-
port duty which became effective in 1922. 
The demand for sunflowers is limited at present. In this country the 
seeds are used chiefly as a poultry feed. Opinion as to the value of sunflower 
silage is divided. Some investigators find that it compares favorably with 
corn silage,5• 6• 7 since it was found to impart no objectionable flavor to the 
milk when fed to milk cows. Others maintain that it is inferior to corn silage, 
and that it is not relished by most animals.•, 10 In countries where the oil is 
expressed, the oil cake has been found a suitable feed for stock. 11 
The stalks have a very high potash content, the potassium in the ash as 
K,O running as high as 36.95%12 and 48.0%13 • The suggestion is made that the 
ash would be a valuable fertilizer for certain soils. 12 Paper produced from the 
stalks and pith is a coarse brown product, which has never been successfully 
bleached.15, 16 
Considerable variation is found in the analyses of sunflower products. 
Maximum and minimum results from several investigations are given in the 
following table. 
EXPERIMENTS ON SUNFLOWER SEED OIL 
H,!C) ______________ _______ _ 
F a t_ _____ ______ , ___ ______ _ 
Protein ___________________ _ 
Carbohydra tes ___ __ _______ _ 
Crude Fib re ______________ _ 
Ash _____________ ____ _____ _ 
Acid no , ____ ______________ _ 
Fe ___ ______ ______ ________ _ 
Mn ___________________ ___ _ 
Ether Extrac t_ _ ________ ___ _ 
So luble in ho t w ater_ ______ _ 
N free e xtra ct_ _______ ____ _ _ 
N substances _____________ _ 
Wa x ___ _____ ______ ___ ____ _ 
Cellulose, etc. __________ ___ _ 
TABLE I 
(17, 18, 19) (10, 15, 20, 23) (1 9, 21, 22) 
Seed 
4 .43 
27 .08 
14.92 
20.94 
29 .17 
3 .41 
7 52- 39 . 90 
.0034 
.0033 
Silage 
12.51- 14 .87 
.3 7- 1.10 
1.24- 16.50 
Oil Ca ke 
11. 33-12.26 
27 - 33 
10 .13- 55. 10 
7 .87-38 . 83 18 
15. 79- 21. 26 
- 24 
2.82- 4.09 
34. 80 
3 . 78-20.05 
(1 8, 21 , 24) 
Hulls 
8. 2- 7.16 
1.14 
4 . 37 
20. 73 
2 .9-3 .6 
5 . 5 
63 .00 
4.4 
8. 5 
70.5 
5 
20 
H ea ds (a ft e r 
re moval o f 
see d) 
11 73- 7 .40 
8 .86- 9 .91 
46 . 42-39 . 19 
18 .1 9-18 .H 
11. 60- 19 .39 
3 .18- 5 .07 
The oil is classified as an edible oi l by the United States D epartment of 
Agriculture. 30 Investigation has shown that taken in conjunction with a 
uniform basal ration, the oil exerts .no unusual effects on digestion. 29 I ts 
vitamine content has been found to be low.31, 32 
The drying and wearing qualities of sunflower seed oil have received 
considerable attention from various investigators. Results of the work re-
ported in the literature indicates that the oil dries very slowly. In one case the 
oil on glass was not dry in 80 hours.36 In another experiment the oil streaked 
on glass was sticky at the end of the ten th day. 37 Heated and blown oils 
likewise gave unsatisfactory drying tests. One investigator36 found that sun-
!Linolenic Linolei c Oleic Glyce rides Palmit ic 
o f Stea ric 
Archidic 
Lignoceri c 
Myristic 
acid _____ _______ _ _ 
Unsaponifia bl e matter _______ __ ___ _ __ __ _ _ 
Specific Grav it y 25° / 25 ° __ ____ _________ _ 
Refr acti ve in dex 20° _____ ____ ________ ___ _ 
A cid va lue ____ ____ _____ - - -- - _ - -- _ - _ - __ _ 
Iod in e no. ( H a nus) ______ ____ _____ _ ____ _ _ 
Sapo nifica tion v al ue ________ ______ ______ _ 
A cet y l value _______ _________ ______ _____ _ 
Reichert-Meissel no. _____ ___________ _____ _ 
P olen ski no. ____ ___ __ - - -- - - - - - _.__ - - - - - - -
Saturated aci"ds (cor. ) ________ ________ ___ _ 
Unsaturated. acids (cor.) __ ___ _____ __ _____ I 
TABLE II 
(16) 
Suqflower · 
seed o il 
57 . 5 
33.4 
3. 5 
2 .9 
9.6 
0.4 
I. 2 
0. 9193 
1.-1736 
2. 3 
130 . 8 
188 .0 
14.5 
0.27 
0. 25 
7. I 
86 .6 
(39) 
Soya 
Bea n Oil 
2. 3 
51. 5 
33 .4 
6. 8 
4.4 
0.7 
0.1 
0.6 
0 . 9203 
1.4 736 
0 .5 
128 .0 
189 . 5 
I 7 .0 
0. 16 
0. 26 
11. 5 
83. 5 
(40) (41) 
Cotto n Seed Corn Oil 
Oil 
41. 7 40 .9 
35. 2 45 .4 
20.0 7. 7 
2 .0 3. 5 
0.6 0.4 
0.2 
o. 3 
1..7 
o. 91 85 
1.471 7 
2. 5 
117. 2 
187. 3 
11. 2 
82. 5 
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flower seed oil heated for 2 hours at 300° centigrade required 86 hours for 
drying. Oil which had been heated to 250° centigrade for 6 hours, with a rapid 
stream of air passing through it, also gave unsatisfactory drying tests. 38 
The literature reports a very great variation in the effec t of different driers on 
the drying of sunflower seed oil. With manganese linoleate the oil is said to 
have drying quality equal to that of linseed oil. 26• 27 Using cobalt driers with 
both refined and unrefined sunfl ower seed oils, it has been found that neither 
was dry at the and of the second day.37 Linseed oil with the same driers and 
under the same conditions was dry in from one hour and fi fteen minutes to 
four hours and fifteen minutes. A mixture composed of 20% sunflower seed oil 
and 80 % linseed oil was dry by the end of the second day in one test, and at the 
end of the first, second, and ten th days in another. Sunflower seed oil has 
been found to produce hard, glossy films, having excellent wearing qualities. 27• 35 
In one case the exposure tes ts covered a period of three years. The oil used in 
this test was composed of 50% sunflower seed oil and 50% raw linseed oil. 35 
It has been reported that sunflower seed oil is used in the manufacture of 
Holland enamels,33• 34 but this could not be confirmed. 
For the purpose of comparing the oil with other vegetable oils, the table 
of chemical and physical data is given. (Table II) . 
The oil shows little change in storage,43 especially if ·sterilized. With 
unsterilized oil there is some change, especially in acid numbers, as will be 
seen from the data in the following summary.44 
Specific Iodine, Saponifica- Acid Refractive 
Sunflower seed oil Gravity Numb-er tion Number Numb er Index 
Original N ov. 1914 _________ 0.924 124 . 6 189. 3 7.5 1.4796 
Not Sterilized Sept. 1916 __ __ o. 923 122.2 190. 2 9.0 1.4712 
Sterilized Sept. 1916 _______ _ 0.925 124.6 189 . 9 6. 3 1.4696 
In this laboratory a sample of sunflo wer seed oil which had been standing for nearly three years, and 
from which s'amples had been drawn from ti n: e to time, showed a change in acid number of from 2.8 
to 3. 
EXPRESSING THE OIL 
The amount of oil obtained from sunfl ower seed varies according to the 
method of extraction . A yield of 18-20% by the cold press method is reported 
in the literature. 46 In another series .of experiments a yield as high as 36.3% 
from hulled seed is reported. 1 8 By extraction methods, all but about 1% of the 
oil is obtained. 28 
The oil used in this experimental work was expressed from seed furnished 
by the Southeast Missouri Sunflower Growers Association. The seed was 
pressed by two different companies, and the results of their runs, as reported 
by them, are given in Tables III, IV, and V. The press described in T able IV 
differed from the other two, in that the seed was first cold pressed and the 
resulting cake hot pressed. In this run the cold press yielded 19.4% of oil and 
the fo llowing hot press yielded an additional 5.2%. The data in table III 
shows a yield of 22.4% and 24% according to the kind of seed. The temper-
atures used here were somehat higher than in the cold press reported in table 
IV. Table V describes a press on decorticated as well as on unhulled seed . A 
description of each lot of oil is given in table VI. For the sake of clearness and 
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to avoid repetition, a number is assigned to each lo t, and throughout the paper 
each oil is identified by means of this number. 
TABLE Ill 
Extract of the Report of th e V. D. Anderson Co., of Cleveland, Ohio. 
Pounds of material started with __ ___ _____ ____ __ ____ _____ ______ _ _ 
Pounds of o il obtained (unfiltered) ____ ____ ______________ ___ __ __ _ 
Pounds of o il obtained (filtered) __ ____ ___ ____ ___ ____ __ ___ _ __ ____ _ 
Pounds of ca ke _________ ___ ___ __ __ __ __ ___ __ ___________ ___ ____ _ 
Pounds of foots (collected by filtering) _ _____ ___ __________ _______ _ 
Pounds of material lost_ ___ __ ___ ___ __ __ _____ ___ __ _____ __ _____ _ _ 
Percentage of oi l, based on oil, cake and foots ___ __________ _______ _ 
Time to make run ----- -- ------ -- - ------------------- -
Number of pounds of material run through in one hour ____ __ ______ _ 
Number of pounds of oil obtained in 1 hr. _____ ___ _________ __ __ ___ _ 
Percentage of oil in material to be pressed _____ ______ ____ _ _______ _ 
Percentage of moisture in material t o be pressed __ ______ __ _ __ _____ _ 
P ercen tag e of oil left in cake _____ ___ ______ ___ __ __ __ __ __ ___ _____ _ 
Percentage of moisture left in cake ____ _______ __ ________ __ _____ _ _ 
Average horse power tooperateexpeller ____ ____ __________ ___ ____ _ 
Average temperature of materi a l entering expeller _____ ____ _ ______ _ 
Average temperature of barrel ___ ________ __ __ ___________ ___ ___ _ _ 
Russian 
Mammoth 
86.0 
19. 5 
18 . 5 
63 .0 
I. 0 
3. 5 
22 .4 
2hr.5min. 
41. 3 
8 . 8 
28. 7 
7.90 
6 . 25 
5.35 
2. 5 
136F 
21 IF 
Manchurian 
89 .0 
22 . 5 
20 . 5 
63 .0 
2.0 
3.5 
24.0 
2 hr. 30·min. 
35. 4 
8. 2 
3 I. 
8 . 55 
.55 
-1. 25 
2.6 
130F 
219F 
--------------
TABLE IV 
The V. D. Anderson Co. 
Subject: Sunflower Seed 
Pressed for Dept. of Chemistry, University of Missouri 
Date 6 /30/25 Conducted by 0. S. Anderson, G. G. R eed. 
% Oil in Cake _ ______________ ____ __ __ _____ __ ____ _ 
% H2O in Cake _ ________ ________ __ ___ ____ __ ____ _ _ 
% Oil in material to be pressed __ _ ___ ____ ___ ___ ___ _ 
% H2O in materi al to be pressed _ __ ____ ___ ___ ___ __ _ 
% H2O in material entering Expeller_ ________ ___ ___ _ 
Percentage of Oil, based on Oil, Cake and F oots ____ _ 
Pounds of material pressed per hour_ __ __ ___ __ _____ _ 
Pounds of Oil per hour_ __ __ _________ ________ __ ___ _ 
Pound s of material started with ___ _____ ____ ___ ___ _ _ 
Pou nds of Oil obta ined _________ ______ ______ ___ ___ _ 
Pou nds of Cake obtained ____ ____ __ ___ _____ ____ ___ _ 
Horsepo wer required to operate Expeller ___ __ ___ ___ _ 
R.P.M. Main Worm Shaft_ ___ _____ __________ __ _ _ 
R . P.M. Tempering Appara tus __ __ ___ ____ _______ _ _ 
Steam Pressure on Tempering Apparatus _____ ___ ___ _ 
Posi tion of doors on Tempering Apparatus _________ _ 
~F . of Oi l leaving Expeller_ __ ________________ __ ___ _ 
~F . of material entering Expeller - -- - -- ------ -- ---- -
0F. of B a rrel at Discharge End ___________ __ ___ ____ _ 
Inch es thickness of Cake ___ _____ _________ __ ___ ___ _ 
HOT 
6.0 
.4 
9. 8 
9.5 
7 .0 
. 2 
65 .0 
3. 3 
428 
21 . 25 
382 
.6 
12 
19 
80 
Shut 
175 
180 
200 
.¼ 
COLD 
9.8 
9 .5 
7 .o 
19.4 
H.0 
8.2 
555 
103 .5 
428 
2. 5 
12 
19 
155 
Cold 
150 
3 / 16 
Condition of material pressed: F or cold press- seeds were whole. Cake froin cold press wa s 
ground in Disc Grinder. 
REMARKS: No difficulty was experienced in either t he hot or cold press . Practically no foots 
were made and rel a ti v ely a small amount of power used . 
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TABLE V 
Extract from the report of The French Oil Machinery Co. 
I %of 
% of % of Oil re- % 
H,O in Oil in Wt. of Wt. of maining moisture Temper-I % 
No. Kind of Seed Seed Seed Cake Oil in cake in cake ature Yield 
------------ - ---- ---- --------
587 Russian 13 .5 23. 6 86. 5 17 9. 12. ---- 16.4 
588 Russian 13 . 5 23 .6 87 .5 19.5 
I 
8.4 
I 
13.4 Col:i 18. 2 
589 Manchurian 11. I 19.9 79 17. 25 8 .80 8. 70 160° C 17. 9 
590 M anchur ian 11.1 19. 9 --- - -- -- -- -- - --- 200° C 17. 
Tests on decorticated seed. (Decorticated by Buer Bros. Co., Springfield, Ohio, gave 55 % meats and 
607 
608 
Manchurian 
Manchurian 
609 Manchurian 
610} 
Russian 
611 
7 .8 
7. 8 
7 .8 
7 .6 
41.5 
41. 5 
41. 5 
45 % hulls.) 
25 .5 I 1.5 
70. 42. 
6 1.25 39.75 
98 65 
8.68 
6.94 
6. 70 
7.8! 
5. + 
8. 10 
8. 50 
7 . 60 
200° C 
200° C 
200° C 
3 1. 
37. 5 
39. 3 
39.8 
Best results were obtained by cooking meats for 40 minutes. 
The Russian seed gave a darker oi l than the Manchurian, 
[ n all cases the seed ran very well, and gave no difficulty. For the cold pressed oil the see.:is were 
run whole. There were practically no foots made. 
Sample 
Number Kind of Seed Used 
Not kno wn 
2 Manchurian 
Russian 
4 Russian 
5 Manchurian 
6 Manchurian 
7 Ru ssian 
8 Manchurian 
9 Russian 
10 Not kno,vn 
II Not known 
TABLE VI 
Remarks 
Three years o ld . No rCcord of pr ssing 
available 
From V. D. Anderson Co. Reported in 
Table Ill. 
From V . D. Anderson Co. Reported in 
Table Ill 
From French Oil Mill Machinery Co. A 
hot pressed oil from which no reco rd of 
pressing was reported. 
Ditto 
From Fre nch Oil Mill Machinery Co. 
Numbers 589 and 590 of their report. 
From French Oil Mill Machinery Co. 
Numbers 587 and 588 of their report. 
French Oil Mill Machinery Co. Decorti-
cated seed . Numbers 607,608, and 609 
of their report 
F rench Oil Mill Machinery Co. Decorti-
cated seed. Numbers 610 and 611 of 
their report. 
From V. D. Anderson Co . Cold pressed. 
Reported in.Table IV. 
From V. D. Anderson Co. Hot pressed. 
Reported in Table IV. 
Color 
Li ght straw color 
Light straw colo r 
Light straw col .c 
Very dark 
Very dark 
Very dark 
Very dark 
Li ght straw color 
Light straw colo r 
Light str_aw color 
Dark colored 
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CLARIFICATION 
The oil as it came from the mills, still contained some "foots". These 
settled very slowly. Thus a sample of oil standing in a 1000 cc graduated 
cylinder at room temperature, required four months before half of it could be 
decanted free from "foots". Attempts to filter the oil through filter cloth or 
filter paper were not very successful due to clogging. When the pressure was 
increased to hasten the filtration some of the "foots" were forced through the 
filtering medium. The time required for filtration was very greatly reduced 
when a diatomaceous earth, sold under the trade name of "Filter Cel", was 
used as a filter aid. As low as 0.1 % of the material was found to be very effect-
ive. It was also found that the "foots" could be completely removed by 
one passage through a Sharples Super-Centrifuge. A typic~l test using a 
laboratory super-centrifuge rotating at 36,000 R.P.M. is given below: 
Weightofoil (No. 2, table VI) 
Weightofoil foots 
Per cent foots 
Plate I. Filter Press. 
8181.9 grams. 
111.0 grams. 
1.37 
PURIFICATION AND BLEACHING 
A number of experiments were conducted to determine the best decoloriz-
ing agents and the optimum conditions for their use. The reagents used 
were Fuller's earth, bone hlack, activated carbon compounds, sodium hy-
droxide, sulfuric acid, and certain mixtures of these reagents. In the majority 
of cases the experiments were carried out in a flask equipped with a motor 
stirrer and thermometer, and maintained at the desired temperature by means 
of an oil bath. (Plate II). In experiment 54 (table VII) the process was carried 
out in an open pan equipped with a stirrer and thermometer and heated by a 
Bunsen flame. In this case the acid number of the oil was first determined, 
and then a 3% excess of KOH was added gradually, with stirring. The 
strength of the KOH solution was 13° Be. The temperature was gradually 
raised to 40° C. and maintained at that temperature for 1¼ hours, the stirring 
being continued during the whole of the experiment. The soaps produced 
from the free fa tty acids separated from the soln tion on the stirrer and bottom 
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of the pan. When the oil had cooled to room temperature it was washed with 
water till free from alkali, and heated to 110° C. till dry. Then a mixture con-
sisting of Fuller's earth (1 % of the wt. of oil) and activated carbon (.5% of the 
wt. of oil) was added, and the oil heated to 120° C. for 1 hour. The oil was 
Plate II. Stirrer 
vigorously agitated during the first half of the hour. During the last half 
hour the speed of stirring was gradually decreased. The heat was removed 
at the end of the hour and the oil allowed to cool to room temperature, the 
slow stirring being continued till the oil was cold. Table VII gives a summary 
of these experiments. 
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TABLE Vil 
Exp . Oi l No. See 
No. t ab le VI R eagent % R eagent T emp. T ime Res ults 
---
I I Ful le r' s earth I 120° C 30 Min . 1 
2 " " ,, I " I hr. l Clarification 3 " ,, " 3.7 " 30 Min . 4 " " " 3.7 " 2 hrs. & 
5 " " " 4 " I hr. j bleaching about 
6 " " " 6 ,, I hr. the same in all 
7 " " ,, 10 " I hr. cases. 
8 " Bone black . 5 120° C 30 Min. 
iNo. 9 prod uced 9 " " 
,, 
I 
,, 
I hr. 
10 
,, 
" " 2 " I hr. j the best results . 
11 " " " 2 ,, 2 hrs. 
12 " . SN H,SO, . I 20° C 30 Min . 
13 
,, 
I N " . ! " " " 
14 " " " ,005 
,, ,, 
" 
15 " " ,, .0 1 ,, " " 
16 
,, " " ,02 " ,, " 
17 " " 
,, 
.03 
,, ,, " The best results 
18 " " " ,04 ,, " " with H,SO, were 
19 " " ,, .05 ,, " " ob tained in e xps. 
20 " " ,, .! ,, " " 14-26. In a ll these 
21 " " " ,22 " " " cases the results 
22 I SN H,SO, .435 20° C 30 Min. were about the 
23 " " " , 721 " " " same. 
24 " " " 1.0 " " " 
25 " " " 2.0 " " ,, 
26 " " " 3 ,0 " " " 
27 " " " 5 cc " " " 
28 " . IN Na OH 10 ,, " " 
29 " .S N " 10 " " " 
30 " I N " 10 " " " 
31 
,, 
SN " 10 " " " With NaOH the 
32 " ION " 10 " " " best resul ts were 
33 
,, 
20N " 10 " " " obtained in exp. 
34 " SN " 20 " 
I 
" " 36 
35 " SN " 5 " ,, " 
36 
,, 
2Y, N " 10 " " " 
37 Oil from exp. 
36 .IN H,SO, , ! " " " Of ex ps. 37, 38 and 
38 Oi! from exp. 39, th e best re-
36 Bone Black I 120° C " " sul ts were o bt ain-
ed in exp. 39. 
39 I Mi xture of l % Bone 
black a nd 1% 
Full e r's earth 120° C " " 
40 2 Bone black I 120° C I hr. 
4 1 " F uller' s ea rth I " " " 
42 " Oil grade nori t I " " " 
43 " Superior norit I " " " Exps . 42-50 gave 
44 " Darco I " " " about th e same re-
45 " Columbia I " " " suits, which were 
46 " Mixture of Darco better than th e re -
and Fuller's eart h 1% of ea . " " " su its f rom exps . 
47 " Mi xture o f Col um- 40, 41 and 5 1. 
I bia and Full er's earth I % of ea . " " " I 
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TABLE. VIL-Continued 
Exp. Oil No. See 
No. table VI. Reagent % Reagent Temp. Time Results 
---
48 " Mixture of neutral 
norit and Fuller's 
earth I % of ea. " ,, ,, 
49 " Mixture of special 
norit and Fuller's 
earth I % of ea. " ,, " 
50 " ~,fi xture o f Darco 
and Fuller's earth I % of ea . " 3 hrs. 
51 4 Pone black I 
,, 2 hrs . 
52 " IO % of 2.½N N a OH at 20° C for I hr. followed by I% 
Fuller ' s earth at 1200 C for I hr: Experiment 52 
53 
,, . I% of I N H,SO, at 20° for I hr. followed by 5 % of gave better results 
2.½N NaOH at 20° for I hr. than exp. 53 
54 IO 13° Be KOH 3 % excess as det erm ined from the 'acid 
number. I ¾ hrs. at 40° C. Washed free from alkali Produced the best 
wi"th water, heate d to -110° C till dry, then treated wit h results 
I 
a mixture of 2 % Full er's earth and .1 % norit for 1 ¼ 
hr_. at 120 °. 
CONCLUSIONS FROM BLEACHING TESTS 
1 Fuller's earth acted most efficiently in a concentration of one per cent, 
at a temperature of 120° C. for 30 minutes. 
2. With bone black, 1% for one hour at 120° C. gave the best results. 
3. The best results obtained from alkali were with 13° Be KOH used in 
slight excess. 
4. No difference could be detected between the oils treated with the 
various kinds of activated carbons. All of them gave better results than Fullers 
earth, which was better than bone black, which in turn gave better results 
than sulfuric acid. 
,5. The best results of the series of experiments were obtained in experi-
ment 54, using KOH, followed by a mixture of Fuller's earth and activated 
carbon. 
SUNFLOWER SEED OIL AS A SALAD AND FRYING OIL 
From a consideration of the data in table VII, a series of samples of oil was 
prepared and used in salad dressings and for frying purposes. A summary 
of these oils is given in table VIII. The apparatus used was that shown in 
Plate II. 
When used for frying, these oils began to smoke at about 150° C. which 
is 50° lower than is acceptable in oils to be used for this purpose. Furthermore 
the doughnuts and potato chips that were prepared possessed a characteristic, 
disagreeable taste in every case. 
Salads prepared from oils purified in experiments 1-11 inclusive had an 
exceedingly disagreeable taste, which was of the same intensity and character 
in all samples alike. Experiment 12 produced an oil in which this objectionable 
taste was slightly less than in the oils from the other experiments. In experi-
ments 13-17 the time of treatment was increased and the volume of steam was 
varied from about 2500 liters to 6000 liters (S . T . P .). In each case 800 cc. 
Exp. No. 
1 
2 
-1 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
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Oil No. 
See table VI 
9 
3 
9 
9 
9 
9 
9 
9 
9 
8 
8 
9 
9 
9 
9 
TABLE VIII 
Trea tment of Oil. 
Clarified with super-centrifuge. 
I % Fu ller's earth at 120° C for 30 min. 
1 % D arco at 120° C for 30 min. 
5 % of 2¼ N NaOH at 20° for 30 min. W ashed free from alkali and 
dried. 
5 % of 2¼ N Na,CO, at 20° for 30 min . Wash ed fre e from alka li and 
dried. 
I % HCI, washed and dried. 
.I % of .SN HzSO4 at 20° C fo r 30 min. \Vashed wit h \vater. Trea ted 
with 5 % of 2Y,N Na OH at 20° C for 30 min. Washed free from alk ali 
and dried. Treated with a mixture of I % Fuller's earth and l % bone 
black at 120° C for 30 min. Filtered . 
Dry steam through the oil at 100° C for 5 hrs. 
Steam at 100° C under diminished pressure fo r 4 hrs. 
,, 6 " 
,, 8 ,, 
Steam at 100° C und er d iminished pressure for 6 hrs. wit h in creasing 
volumes of steam 
of oil was treated . While non e of these experiments was entirely successful in 
removing the bad tas te, a very great improvement was observed, It seemed 
possible tha t steam distillation using still lower pressures and higher tempera-
tures might accomplish the desired result. A series of such di stillations was 
carried out. In each case the oil was given a preliminary purification with 
KOH, Fuller's earth and activated carbon as indicated in experiment 54, 
table VII. The distillations were carried out at temperatures varying from 
172° C to 250° C. under pressures varying from 12 to 37 mm. The length of 
tim e for distillation varied from 2 to 8 hours , Since a slight acidity developed 
during the steam distillation process, the oil was again treated as in the pre-
liminary purification, except that the amount of 13° Be KOH used was 0.3 %, 
Steam for these experiments was generated in a large can. To dry the 
steam it was passed through a¼ inch iron pipe 2 fee t long, which was covered 
with sand and heated by several Bunsen fl ames . It was then conducted 
through a coil made of 15 feet of¼ inch iron pipe which was immersed in a pail 
of oil hea ted to the des ired temperature. From this coil the s team passed 
through a short pipe, equipped with a valve for regulating the rate of flow of 
the s team, into the distillation fla sk . This was a 2 liter pyrex Claissen fl ask, 
heated by m eans of an oil bath. Th e steam was condensed by means of several 
condensers attached end to end. A large filter flask surrounded by ice was used 
as a receiver. The vacuum was produced by means of an ordinary oil vacuum 
pump attached to the receiver. 
A summary of the steam di stillation experiments is given in ta ble IX. 
The oils obtained from experiments 1 to 8 inclusive possessed the di sagree-
able odor characteristic of the untreated oil, so no further experiments were 
r :i rriPrl ,rnt with them. Of the remaining oils that from experiment No. 9 
was the only one in wh1cn the ob _,Pctionable odor was entirely absent. Oil s 
from experiments 10 to 13 inclusive possessed the odor, but very slightl y. In 
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the oils from experiments 14 to 17 the undesirable odor was more distinct. Sal-
ad dressings made for these oils were of the same consistancy as those made 
from Mazola. The oil from experiment No. 9 produced a salad dressing which 
could not be distinguished from a Mazola dressing when first prepared, but 
after standing 3 to 4 days in the ice box it developed a ·strong woody taste 
Salad dressings from the remaining oils possessed this characteristic at . all 
times. This flavor was not so disagreeable that it was impossible to eat the 
salad dressing . Nevertheless, there was lacking the mild flavor of the corn oil 
dressing. 
TABLE I X 
Exp. No. Vol. Oil Wt. Steam Temp , Pressure Hours 
I 172° C 18 mm 3. 5 
2 190° C 37 ,, 2 
3 198° C 30 
,, 
3. 5 
4 205 ° C 25 ,, 4 
5 700 cc 800 grams 200° C 35 ,, 8 
6 600 
,, 
1400 
,, 
200° C 35 
,, 
8 
7 400 
,, 
1400 
,, 
200° C 30 
,, 
8 
8 400 
,, 
1200 
,, 
200°-225 ° c 30 ,, 8 
9 I 750 
,, 
1400 
,, 
200°-250° C 12 
,, 
5 
10 1500 ,, 1200 ,, 220°-225 ° C 16 ,, 5 
II 1750 
,, 
700 
,, 
220° C 22 
,, 
5 
12 1750 
,, 
350 
,, 
220° C 20 
,, 
5 
13 1500 
,, 
1500 
,, 
220°-2500 C 15 
,, 5 
14 450 
,, 
850 
,, 
200° C 22-28 
,, 
4 
15 330 
,, 
700 
,, 
200° C 35 
,, 
4.5 
16 550 
,, 
1100 
,, 
180° C 30 
,, 
5 
17 950 
,, 
400 
,, 
190° C 35 
,, 5 
I n eac h case the o il was give n a preli min ary pu rific ation wit h KOH, F uller's eart h a nd act i v ated 
carb o n. After the ste am distillation, this treatme nt was repeated. 
HYDROGENATION OF THE OIL 
In recent years the hydrogenation of oils has gained considerable indus-
trial importance. Hardened fats are used for lard substitutes, and in the 
manufacture of confec tionery, butters, artifici al waxes, lubricants, candle 
materials, soaps, etc. 
Industrial h ydrogenation plants make use of the methods of Sabatier, 
whereby hydrogen is added to the oil in the presence of a catalyst such as 
nickel. The unsaturated acids in the form of glycerides in sunflower, hemp, 
cotton, and linseed oils are almost entirely eighteen carbon chain structures, so 
that on complete reduction they are converted into tristearin. However, com-
plete hydrogenation is not often desired in practice. It is well known that 
these oils are made up of mixed glycerides as well as mixtures of glycerides, the 
mixtures differing from different oils. It is evident then that the chemical 
changes which take place during hydrogenation may be characteristic of the 
kind of oil under observation. Chemical analysis of one kind of partially 
h ydrogenated oil might not agree with the chemical analysis of another kind of 
oil also partially hydrogenated, even though the physical constants, such as 
i6dine number, melting point, and titer were in agreement. Certain general 
rules, however, may be applied to these similar oils. P. Shestakoo and Kup-
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-chinskii,25 working with the above mentioned oils, conclude that the process ot 
hydrogenation at first proceeds predominantly at the expense of the less 
saturated oils, so that during the course of the reaction triolein accumu'.ates 
until it is the only unsaturated glyceride present. Continued hydrogenation 
-converts this to tristearin . The effect of temperature, percent of catalyst, 
agitation, etc., were not determined, as these conditions were held nearly 
constant. Moore, Richter, and Van Arsdel47 investigated the effects of varying 
certain of these conditions on the velocity of the reactions taking place when 
cotton seed oil is hydrogenated . As the unsaturated part of cotton seed oil 
,consists of the gl ycerides of linoleic and oleic, practically to the exclusion of all 
others, their determinations were for the reactions linolein to olein and olein to 
stearin. The results obtained from their investigations may be summarized 
follows: 
1. At higher temperatures the hydrogenation of the glycerides of both 
linoleic and oleic acids takes place more rapidly than at lower temperatures, 
but the rate of hydrogenation of the more highly unsaturated molecule is 
greater than the rate of hydrogenation of the less highly unsaturated molecule; 
i. e., the reaction velocity of linolein to olein is greater than the reaction 
velocity of olein to stearin. 
2. Increasing the pressure speeds up the reaction velocity of olein to 
stearin, so that the two reactions proceed more nearly at the same rate. 
3. Increasing the percent of catalyzer has the same effect as increasing 
the pressure. 
4. Increasing the agitation has the same effect as increasing the pressure. 
5. Size of apparatus has no effect on the path of hvdrogenation. 
Si rice the unsaturated glycerides of sunflower seed oil differ from those of 
cotton seed oil only in the proportional amounts of the esters of linoleic and 
oleic acids, it seemed safe to assume that these conditions would have qualita-
tively the same effect when hydrogenating either oil. If this assumption is 
true, then the chemical composition of partially reduced sumflower seed oil 
can be con trolled,. within certain limits. 
A quantitative study of the course of hydrogenation under varying 
conditions was not carried out, only a few experiments being run, to deter-
mine whether the disagreeable flavor of the oil persisted in the hydrogenated 
product. 
The first attempts to prepare the nickel catalys t from the mono and sesqui 
o xides of nickel gave inconsistant results and frequent failures. While no 
originality is claimed for the method which finally gave good results, it is 
given here in detail. 350 grams of Ni(N0,),.6H20 was dissolved in water and 
100 grams of Filter Ce! were added. This mixture was evaporated to dryness 
with constant stirring and the dry mass was pulverized. After heating in an 
electric furnace at 400°-500° centigrade, it was again ground finely. The 
calculated amount of this oxide mixture required for an experiment was in-
troduced into a hard glass tube between two plugs of glass wool. This tube 
was then placed in the electric furnace with both ends of the tube extending 
a short distance on the outside. By the use of rubber tubing and a mercurv 
seal at both ends, gas tight universal joints were made which left the tube 
containing the catalyst free to rotate. Slow continuous rotation of the tube 
was accomplished by means of a pulley fastened on the end of the tube and 
connec ted by belts through a reducing gear to a motor, Plate III. The gas 
supply was connected to one end of the tube while the escaping gases were 
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Plate III. Catalysing Apparatus. 
conducted through a sulforic acid tower which prevented the air from diffusing 
back into the reducing chamber. The temperature was raised to 350° C and a 
stre_am of air was passed over the oxide for two hours to remove all traces of 
moisture and any oxides of nitrogen which might remain. The air supply was 
disconnected and the hydrogen supply, which was taken directly from a tank, 
without washing or drying, was connected in its place. With the temperature 
at 350° C and the tube continually rotating, a slow stream of hydrogen was 
passed over the mixture for eight hours. The catalyst was then introduced 
into the oil, which had been previouslv heated to 160° C and saturated with 
hydrogen. Care was taken to prevent the nickel coming in contact with the air. 
Hydrogenations numbers 6 and 9, table X (a), were carried out in a pyrex 
flask equipped with a stirring device. Numbers 10, 11 and 12 were conducted 
in the iron apparatus pictured in Plate IV. This apparatus was constructed 
in such a way that samples could be drawn v,ithout interrupting the process . 
Plate IV. Hydrogenation Apparatus. 
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Titer was run accor<ling to the method recommended by the Association 
of Official Agricu ltural Chemists. 48 Iodine number was determined by the 
Hanus method. Melting points were taken as follows :47 thin walled glass tubes 
of inside diameter between 0.09 and 0.11 inches were cut to about 8 inch 
lengths. \Vith the finger over one end of the tube, the other end was inserted 
in the melting fat (about 60° C) and a plug of the liquid from 1.25 to 1.50 
inches long was withdrawn into the tube. A small drop was allowed to collect 
on the lower end when the fat was chilled in the tube by means of an ice water 
bath . The tube remained in this bath for thirty minutes. The outside and 
lower end were then wiped free of excess fat. For melting point apparatus, a 
beaker (500 cc), with a stirring device and support for the glass tubes and 
thermometer, was used. About 400 cc of air free water was put in the beaker. 
The tubes were placed vertically in the water with the upper surface of the 
fat plug one inch below the water level. Heat was applied to raise the tempera-
ture at the rate of 3° -4 ° F per minute. The melting point was taken as that 
temperature at which the plug of fat started to slip up the tube. This proce-
dure gives results which are from 1° to 10° Clower than the closed capillary 
method, and from 2° to 4 ° C lower than those of the Wiley method, both of 
which are given in J. A. 0. A. C. 2 No. 3 pp. 301-302, 1916. 
TABLE X (a) 
Sample 
I 
Exp. No. Number Time Hrs . % Ni Temp. Pressure MP !,No Titer 
6 0 0 5 .0 210° C Atm - - - - - 123. 5 - - - - -
I 4 " " " M.5°C - - - - - 61. 2 
9 0 0 l. 5 210° C Atm - - - - - 123. 5 - - - - -
I I. 5 " " " Less than 
oo 119. 5 15 5 
2 3. 5 
,, 
" " 0-10° 107 .4 17. 4 
3 7 
,, " " 19. I 92. I 24.1 
4 II .5 
,, 
" 
,, 
30. 1 81. 6 30.7 
-~-
10 0 0 l. 5 210° C 20 lbs. - - - 123. 5 - - - - -
I . 5 " ,, ,, - - - - - 116. 4 16.8 
2 I " " " 23. 3 91. 7 26. 0 
3 2 " " " 37. 4 67 .0 46. I 
4 3 
,, 
" " 43. I 56.0 48 .5 
5 4 " ,, " 45 .4 53. 7 49.7 
II 0 0 .5% 210° C 20 lbs. - - - - - 12 3. 5 - - - - -
I .5 " " " - - - - 103 .4 - - - - -
2 I " ,, ,, 12. 8 92.6 22. 3 
3 2 " " " 40.4 65. 9 43. 3 
4 3 " ,, ,, 55 .0 42.0 53.9 
5 4 
,, ,, " 60.4 3 1. 3 60.5 
6 5 
,, " " 60.2 29. 5 58.4 
12 0 0 I. 5 165° C 20 lbs. - - - - - 127 .0 - - - - -
I .5 ,, " " - - - - - 126. 9 - - - - -
2 I " ,, " - - - - - 122.4 13. 0 
3 2 
,, ,, " - - - - - - -- - - - - - - -
4 5 
,, 
" " 18. 7 121. 9 20. 2 
5 9 " " " 21. 4 I 103. 2 24. 5 6 13 ,, ,, " 25. 9 96. 9 24.0 
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Data for some of the hydrogenation experiments are given in Table X (a). 
These oils had received a preliminary purification with alkali and activated 
carbon. 
Several samrles of the h ydrogenated product from the experiments listed 
in table X (a) were used as lard substitutes in cooking, but the cooked article 
possessed the same disagreeable taste found in the salad dressings. 
A second series of hydrogenation experiments was carried out, using 
some of the oils purified as indicated in table IX. Of the oils listed in that table, 
those from experiments 9-13 inclusive were the best. These oils, except for 
No. 10, were the ones hydrogenated. Table X (b) gives the data for this 
series of experiments. 
TABLE X (b) 
Oil No. See table I X Ti me % Ni T emperature Pressure 
9 4 hrs. . 5 210° C 20 lbs . 
11 4 ,, . 5 2IO' C 20 ,, 
12 4 ,, . 5 210° C 20 ,, 
13 4 ,, I. 5 2IO' C 20 ,, 
After the hydrogenation each oil was treated with a mixture of 2% 
Fuller's earth and .1% activated carbon at 120° C for one hour, and then 
filtered. The catalysts in this series of experiments were not very active and it 
was only when cooled that the products of the reactions solidified. 
Eggs and potatoes fried in the hydrogenated products from oils 9, 11, and 
12 were very good, and possessed no unusual or bad taste. Moreover, these 
oils did not smoke. The product was found to keep well. Biscuits prepared 
from the hydrogenated products from oils 9, 11, and 13 had the disagreeable, 
woody taste noted in the salad dressings. The texture of the biscuits was good. 
CONCLUSION FROM DEODORIZING, SALAD OIL, AND HYDROGENA-
TION TESTS 
1. The most satisfactory preliminary purification of the oil was that 
used in experiment 54, table VII. The oil was treated with a small excess of 13° 
Be KOH at 40°C for one hour, then washed free from alkali with water and 
dried at 110°C. It was then treated with a mixture of 2% Fuller's earth and 
. 1 % activated carbon for one hour at 120°C. 
2. The best results from the steam distillation were obtained from oil 
given the preliminary treatment indicated above, and then subjected to 
steam distillation at a temperature of 220°-250°C and 12 mm pressure. The 
time for distillation was 5 hours, and the weight of steam used was approxi-
m ately¾' the weight of the oil. After distillation the treatment with KOH, 
Fuller's earth and activated carbon was repeated. 
3. Salad dressings made from the oil purified as indicated above were not 
satisfactory, since they had a characteristic, somewhat unpleasant taste and 
odor. The oil was .not a good frying oil since it smoked at too low a tempera-
ture. 
4. Partial hydrogenation of the purified and steam distilled oil forms a 
good frying oil. It does not smoke unduly when hot, and does not impart an 
unpleasant taste to the food . It keeps well. 
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5. The hydrogenated product as a lard substitute in the making of 
biscuits is not satisfactory, since it imparts to the biscuits the unpleasant taste 
noticeable in the salad dressings. 
USE OF SUNFLOWER SEED OIL IN PAINTS 
Sunflower seed oil has been of considerable interest in the paint and var-
nish industry due to the fluctuation of the cost of paint oils and to the desire of 
the manufacturers to find an oil with better wearing qualities than those in 
present use. Despite the unpromising results that have been obtained recently 
with sunflower seed oil, it was thought advisable to repeat some experiments 
that have been conducted and to extend then considerably. Drying tests were 
made using a larger number of driers than has been reported in the literature. 
Weathering tests were made in which the sunflower seed oil paints were com-
pared with pain ts of the same composition but with linseed oil as the vehicle. 
For the drying tests a commercial drier was added to the oil ' in concen-
trations of 0.1%, 0.3%, and 0.5%. Solution was brought about by heating, 
care being taken not to heat them long enough to appreciably change the 
viscosity of the oil. The soaps dissolved readily in nearly all of the samples, but 
in some cases where the drier content was 0.5% it is doubtful if solution was 
complete. Clean pieces of glass placed at an angle of 30° from the horizon ta! 
were streaked with the oil and the time of drying noted. Raw linseed oil was 
treated with the same amounts of the driers and used as a standard for com-
parison with sunflower seed oil. Table XI gives a summary of these experi-
ments . In this table SF indicates Sunflower Seed Oil and L, Linseed oil. The 
period of observation is indicated in hours, and st stands for "sticky," t for 
"tacky," nd "nearly dry," vnd "very nearly dry," and d "dry". 
Due to the lack of time the experiments on the weathering qualities of 
sunflower seed oil paints could not be conducted by outside exposure. It was 
therefore decided to use methods of accelerated weathering similar to those 
devised by Harley A. Nelson,49 but instead of exposing a painted panel to a 
cycle of alternate conditions, one set of panels was exposed to ultra violet 
light and another set to the action of water sprayed upon the panel. To 
produce the effect of a beating rain a tank equipped with a water spray and 
racks to hold the panels in place was constructed. Details of the apparatus are 
shown in Pia te V. The panels were of a good grade of cypress, 6x6x :/2' inch in 
size. The wood was well seasoned and finished on both sides. They were 
painted on both sides and ail edges to keep them from becoming water soaked. 
The pigment used in these tests was obtained from the E. I. Du Pont De 
Nemours and Co., who reported the following composition for the material: 
WhiteLead 14.3% - 18.0% 
Zinc Oxide 26.7 33% 
Calcium Carbonate 16.0 20% 
Magnesium Silicates 8.0 10% 
The paints were made up of 50% pigment and 50% oil, one series con-
taining sunflower seed oil and another series using raw linseed oil. The drying 
tests indicated that of the driers used, lead resinate was slightly more active 
than the rest, and produced a fair film. For this reason it was chosen as the 
drier to be used in these paints. The concentration of drier was 0.3%. The 
paints used on panels numbered 3, 8, 9 and 10 were made up with cooked oils 
which were thinned with benzene to the approximate viscosity of the uncooked 
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TABLE X I 
Char-
Hours 
Treat- acter 
Kind ment of % of Dry When 
No·. of Oil Oil Dryer Dryer 60 , 72 84 96 Film Dry 
----
1 SF None Pb resinate ,l St T T T ND D fair 90 hrs. 
2 
,, ,, ,, 
'3 St T T T ND D 90 " 
3 
,, ,, ,, .5 T T T T ND D " 90 " 
4 L 
,, ,, . l T ND ND D -- -- hard 72 
,, 
5 
,, ,, " '3 T ND D 
,, 60 ,, -- - - - -
6 
,, " ,, . 5 ND D 
,, 48 ,, -- -- -- --
7 SF 
,, Pb stearate .l T T T T ND D fair 96 
,, 
8 SF " 
,, 
'3 T T T T VND D " 90 " 
9 
,, " " '5 T T T T VND D 
,, 90 ,, 
lO L 
,, ,, ,l T ND D -- -- -- hard 60 " 
11 
,, ,, " . 3 T ND D --
,, 60 ,, -- --
12 
,, ,, ,, . 5 T VND D --
,, 60 " - - --
13 SF " Pb oleate .1 T -- T T ND D soft 96 " 
14 
,, ,, ,, . 3 T T ND --
,, . 96 ,, -- --
15 
,, " ,, . 5 -- -- T T VND D " 90 " 
16 L 
,, ,, .1 T ND ND VND VND D hard 90 
,, 
17 
,, ,, ,, 
'3 T ND VND VND D -- " 78 " 
18 
,, " " . 5 VND VND D -- " 78 
,, 
-- --
19 SF 
,,_ Pb linoleate , l -- -- -- T ND D soft 96 
,, 
20 " 
,, " . 3 T ND D 
,, 96 ,, -- -- --
21 
,, " ,, '5 T T ND VND D 
,, 96 " - -
22 L 
,, ,, .1 T ND ND VND D - - hard 78 " 
23 
,, " ,, '3 T ND D -- --
,, 54 ,, --
24 
,, " ,, . 5 T ND D --
,, 54 ,, -- --
25 SF 
,, 
Mn resi nate , l T T ND D soft 96 
,, 
-- --
26 
,, ,, ,, . 3 T T ND D 
,, 96 ,, -- --
27 SF 
,, ,, .5 -- -- T N D VND D 
,, 90 ,, 
28 L 
,, ,, , l ND VND D - - hard 54 
,, 
-- --
29 
,, ,, ,, . 3 N D VND D -- - -
,, 54 ,, 
30 
,, ,, ,, .5 ND VND D -- ,, 54 ,, -- --
31 SF 
,, Mn linoleate . 1 T T ND fair 108 " -- -- --
32 
,, " ,, '3 -- -- T ND ND D 96 
33 
,, ,, " . 5 T ND ND D 
,, 96 " -- --
34 L 
,, ,, .1 -- -- T ND VND D hard 90 
,, 
35 " 
,, ,, 
'3 T T ND VND D -- " 78 " 
36 
,, ,, ,, 
'5 T ND VND VND D - - very 
hard 78 " 
37 SF 
,, 
Co resinate , l T ND D soft 96 " -- -- --
38 
,, " , .. . 3 T ND D " 96 " -- - - --
39 
,, ,, ,, 
'5 -- -- T ND VND D " 96 
,, 
40 L " " . l T T ND ND VND D very 
hard 90 " 
41 
,, ,, ,, 
'3 . T ND ND VND D ,, 90 ,, 
42 
,, ,, " .:; T T ND VND VND D 
,, 90 " 
43 SF 
,, 
Co linoleate. '1 T ND fair 108 " -- -- -- --
44 
,, " ,, . 3 -- T ND VND " 108 " -- --
45 
,, ,, ,, 
'5 -- -- T ND VND D 
,, 90 ,, 
46 L " 
,, 
. l T ND ND VND D -- hard 78 " 
47 
,, " " '3 T N D ND VND D --
,, 78 " 
48 " 
,, " '5 T N D N D VND D --
,, 78 " 
49 SF 
,, 
Mn oleate , l -- T T T ND fair 108 " --
50 
,, ,, ,, 
'3 -- -- T T T ND 
,, 108 ,, 
51 
,, " 
,, 
'5 -- T T T ND -- 108 " --
52 L " 
,, , l -- -- T T ND ND fairly 
hard 108 ,, 
53 
,, " " '3 -- T T ND ND " 108 
,, 
--
54 
,, ,, " .5 - -- T T ND ND " 108 
,, 
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TABLE X L-Continued 
55 SF cooked Pb resi na te . 1 - - T T ND " 108 " 
56 " " " . 3 - - T T ND " 108 " 
57 " Blo,rn 24 
hrs. at 
250° C Pb olea te .1 T T ND " 108 " - -
58 " " ,, . 3 T T ND " LOS " - -
59 ,, " Pb stearate . 1 - - T T ND " LOS " 
60 " " " . 3 T T ND " LOS " - -
61 " ., Pb linoleate . 1 - - T T ND " 108 " 
62 ,, ,, " . 3 T T ND ND " 108 " 
63 " " Mn resinate .1 T T ND . D 
,, 96 " 
64 ,, ,, " . 3 T T ND D " 96 " 
65 " " f\1n linoleate . 1 T T ND " 108 " - -
66 " ,, " . 3 T T ND D " 96 " 
67 " " Mn oleate . 1 T N D ND D " 96 " 
68 " " " . 3 T N D ND D hard 96 " 
69 " ,, Co resinate . 1 T ND VND D " 96 " 
70 " " " . 3 T ND VND D " 96 " 
71 " ,, Co Ii no lea te .I T ND D 
,, 
96 " - -
72 " " " . 3 - - T ND D " 96 " 
73 " Refined 
with 
NaOH Pb resinate . I - - - - - - T soft not dry 
at 120 
hrs. 
74 " " " . 3 - - T " " - - - -
75 " " Pb lin oleate . 1 - - - - - - T " " 
76 " " " . 3 - - - - - - T " " 
77 " " Pb stearate . 1 - - - - - - T " " 
78 " 
,, 
" . 3 - - - - T ND " 120 hrs. 
79 " Treated 
with 
NaOH 
and 
bodied Pb resinate .1 - - - - T ND " 120 
,, 
80 " " " . 3 - - -- T ND 
,, 
108 ,, 
8 1 " " Pb linoleate .I - - - - T ND 
,, 120 " 
82 " ,. " . 3 T ND D " LOS " - -
83 " " Mn linoleate . I T ND D fairly - -
hard 96 " 
84 " " ,, . 3 - - T ND D 
,, 
96 " 
85 
,, ,, 
Co resinate . 1 - - T ND D 
,, 96 ,, 
86 " " " . 3 - - T ND D 
,, 
96 ,, 
87 ,, 50% L.S. 
added Pb resinate . 1 T T VND D 
,, 
96 
,, 
88 " " ,, " . 3 T VND D ,, 96 " - -
89 ,, 30%" ,, .I -- T VN D D " 96 
,, 
90 " ,, ,, ,, . 3 T ND D ,, 96 ,, - -
9 1 " 10%,, ,, . I - - T ND D 
,, 
96 " 
92 " 10% ,, " . 3 -- T ND D " 96 " 
93 " 5% " ,, .I T ND D " 96 " - -
94 ,, 5%" " . 3 - - T ND D " 96 " 
95 " 30% " Pb li noleate . 3 - - T ND D ,, 96 " 
96 " 20%" ,, . 3 T ND D ,, 96 " - -
97 " 10 % ,, ,, . 3 - - T ND D ,, 96 ,, 
98 ,, 5%" ,, . 3 - - T ND D ,, 96 ,, 
99 " 10%" Mn resinate . 3 T ND D " 96 ,, - -
mo " 10%" Co resinate . 3 - - T ND D ,, 96 " 
IO I 
102 
103 
104 
105 
106 
107 
108 
109 
110 
Jl l 
11 2 
Jl3 
114 
Jl5 
116 
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TABLE X L-Continued 
,, 
1 
79 
lo< J ,J . ;,a 
- - T N D D 
,, 96 ,, ,, 80 - - T N D D " 96 " ,, 81 - - - - T ND " 108 ,, ,, 
Same as 82 ND D D D D hard 96 ,, ,, 
Number 83 10 % Linsee d Oil NOD D ,, 60 ,, ,, 84 NOD D " 60 ,, ,, 85 NOD D ,, 60 " ,, L 86 N OD D " 60 ,, ,, 
Raw oil with no dryer - - - - - - T very 
soft 144 " ,, Bodied with no dryer -- - - -- T ,, 108 ,, ,, Oil tre ated wi th NaOH to bleach - - - - - - T " 144 ,, ,, Bodied by blowing at 250° C - - - - ND D ,, 108 ,, 
Linseed with no dryer -- -- ND D fai r ly 
hard 96 ,, 
" ,, ,, ,, - - - - ND D " 96 ,, 
Repeat on No. 6 of this table ND D D D ,, 72 " ,, 24 ,; ,, ,, ND D D D ,, 72 ,, 
oils. Panels number 11 and 12 were coa ted with oi l contain ing no pigment. 
The first and second coats in all cases, were thinned with one h alf pin t of tur-
pen tine to a gallon of paint: The third coa t con tained no turpentine. Each 
coat was allowed suffi cient time to become perfec tly dry before the addition 
of the next coa t . 
One series of panels wi th each kind of pain t was exposed to the ligh t 
treatment and one series with each kind of pain t was exposed to the water 
spr ay. The relative positions of the panels were changed from time to t ime 
to insure uniform t reatmen t . 
Plate V. Weathering Apparatus. 
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A quartz mercury arc with a 15 inch radiating length, operated on 110-125 
volts D. C., was the source of light used. (See Plate VI. ) It has been shown49 
that those wave lengths of light which act most destructively on oil binders in 
paints is in the neighborhood of J. ='3100 A0 • U. and A =2900 A0 • U . The 
quartz mercury arc is well suited to furnish light of these wave lengths. Table 
XII gives the composition of each specimen tested. 
TABLE XI I 
Treat-
ment of 
Spe(i men Sunliuwt!r Sunflower Li 11si.:ed % Lead % % Hcnzcd: 
Number Oi l Oil Oil Resin ate Pigment Oil (Thinner) 
I 100% 0. 3 so 50 None 
IA 
-----
2 JOO% None 
2A 
JOO% Cooked Used 
3A 
4 JOO% Purified None 
4A with NaOH 
50% No ne 50% 
SA 
-----
6 80% 20% 
6A 
---------
7 95 % 5% 
7A 
8 80% ·Cooked 20% Used 
SA 
9 90% JO% 
9A 
10 95 % 5% 
JOA 
II JOO% None N o ne 100 None 
ll A 
12 JOO % 100 
12A 
The panels marked 1, 2, 3, etc. were exposed to light and those marked 
IA, 2A, 3A, etc., were exposed to water. The exposure to water covered a 
period of 600-700 hours, and the exposure to light covered a period of 100 
hours. All of the panels showed a sligh t change, (i . e., dulness and chalking), 
but no difference could be detected between those painted with sun fl ower 
oil and those painted with linseed oil. The panels exposed to water were 
beginning to turn white, those painted with linseed oil somewhat more than 
the others. 
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Plate VI. Quartz Mercury Arc. 
In order to test the value of sunflower seed oil in the manufacture of white 
enamels and light colored, non-yellowing varnishes, a number of heating 
experiments were conducted. To be of value for this purpose the oil on heating 
to 250°-325°C should become very heavy bodied, and should not darken. Two 
series of experiments were carried out with alkali refined oil. In one series air 
was passed through the oil during the heating, and in the other series the 
heating was not accompanied by blowing or agitation of the oil. A description 
of this work is given in table XIII. 
TABLE XI II 
Temp. Time Blown Color at end of hea ting Character of Product 
220° C 6 hrs. Yes Reddish yellow ,, 9 " ,, Cherry Red 
" 12 
,, " " " 
305° C 1 " " " " 
" 2 " " Reddish brown 
" 4 " " Dark red Slightly more viscous than 
glycerine 
" 6 
,, " V ery dark red Very thick 
" 8 " 
,, 
Black 
220° C 6 " No Yellow ,, 9 " ,, Cherry Red 
" 12 
,, " " " 
305° C 2 " " Red 
" 4 " " Dark red 
" 6 " 
,, 
Dark red Slightly _more viscous than 
glycerine 
,, 7 ,, ,, Neirly black Very thick 
In the case of the blown oils, 4 hours at 305°C were required to produce 
a fairly heavy bodied material. With the oils which were not blown nor agi-
tated, 6 hours at 305°C were required . . In both cases the oil darkened con-
siderably. 
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CONCLUSIONS FROM THE DRYING, PAINTING AND HEATING 
TESTS OF SUNFLOWER SEED OIL 
1. In the drying tests it was found that this oil dried considerably 
slower than linseed oil. Panels painted with it often remain ed tacky for 
several days. 
2. These paints possessed no superior weathering qualities over linseed 
oil paints. 
3. They required a relatively long hea ting to become heavy bodied, and 
altho they were alkali refined, they darkened considerably. This would render 
such oils unfit for use in white enamels. 
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